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(57^ Abstract: 

PROBLEM TO BE SOLVED: To provide a high electron 
mobility transistQr(HEMT; of GaN compound SQmicon- 
ductor wh9ra a high voltage can be applied. 

SOLUTION: A laminated structure A is composed of 
an l-type semiconductor layer 3 and an N-type semi- 
conductor layer 4 laminated in this sequence on a 
semi-insulating substrate 1. wherein the semiconduc- 
tor layers are all formed of GaN compound semicon- 
ductor A gate electrode G i& pro^'ided In the N-type 
semiconductor layer 4 through the intermediary of a 
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P-type semiconductor layer 5 of GaN compound semi- 
conductor, a source electrode S and a drain electrode 
D are provided direct onto the N-t/pe semiconductor 
layer 4, and the P-type semiconductor layer 5 is a 
single-layer structure of P-type GaN layer or P-type I n- 
GnlM layer or a two- layered structure 'com posed of a 
P-type GaN layer and a P-type InGaN layer. 
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(57) [gil^j] 

■5Ig6fj:fllSiaiSh^>i^X$ (HEMT) ^m^ti>. 

i|£*(*15*5, pSGaNUfcKttpSI nGaNg 
OlJlWJi. *fcBpSGaNJg{CpSI nGaNB* 




1 

n, s/cB(riHnS!*«ft)io±tcai:sy-xmffii k 

<ttpMI nGaNB01®«ji> S/dipMGaNIi 
K: p M I n G a NB^SIJS bX^h 2 B«jit?* SSBjJ? 

[000 n 

tt:*^e>JS5iS^«iah7>i:;;:^5f (HEMT) imb. 

©HEMTfcgg-rs. 

[0 00 2 ] 20 

m^<Dmm] hemtw, m?Limtii:t}-7^i;um^ 

f-<Dmtt^bxmn^*lXl,>X. ^af«GaAsm 

*^#tt»S©±{C iSiGaA slinSGaA 
l.A s,..S*)a^>:fiS)gl^, reL-C^OnSGaA 1. 

n> MK:m«pMGaA sl5:/Myry- hmffijaJJI 

[0 00 3 ] C©«jiOHEMT©ti^. x = 0.25 
0<bfr©x:j<.;b+--7^>Ka%*S<!:> nSGaA 1 30 
o.iiASo.jiISi ilfGaAs)g©^'foS^^ffiK:*j 
W^.-^f-nKil (AE c) tt*f)0 .2 Bd^foSrorii 

JJDL. s/cv-;^m@iy- hmffi©K(c)i>'-?'<Txm 

Eilfm-riCticJ:*), Knan^GaA l.As,..)l 

ifiibit^oric&Mti, i SG a A s m^m^ifim^$ 
^§n/cm^-«iriss^^ii-c2;x7cm-f:</xji 
=Srj^(Si^. *©^/;^)gi»3K:B!i;ji*?.n)ttt«rs^« 4o 

K u -f >m«i'^ i wji-casn-t hem T8!if^?:ii^-r 

5. ^©^^, ^^-hmE©i[TCC*jW^,mi?!SgA5^ 

[0 00 4] btPbUt^h. Ga Asl^HEMT©Ji 
^. '^r a g^l9E(cteW ?>^aieS''^ > K tt 0 . 2 6 ev 

aa (x=o.2 5©i») ■c*o. 'e©«a»R««si 

ffliisx 1 o>v/ar^ge-r*.2>/c&, y-h^(cKm 
&^mMbx^(om.Ti,cMmm-^m^-ri> c i(c«fc o 
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S»tt:?:ffil>/cH EMT®ttfHlf58*itftonTI,»S. 

[000 5]Ctlti. Ga A l.N,.,<^:GaNi©'^7■ 
^Sl^|fffi^CteW5'^rDKS (AE c) miO .6 7e 
vr*»). GaA slfi©«^K:lt'^Tif>)2 .e^ijisi*^ 
li^^'N'^ K^WU. l!yi:-e©ilfiittfil^mi!t{S^2 X 1 0 
•v/cm-r*) 0 , GaA s^©t|^(Cj:t-<riffi;*c*t,»0 
■C 2 ;X7r;lli^;^f:5^Jil*9's©m^^©K D jifeJSOH-SriSa)* 
Ci*i-C*. aa&fi<J{C»*. GaAsJRfCjrb-^rST-jfig 

[0 00 6] ^©GaNI^HEMTiL-Ctt, mXU'^X 
© J: 5 ©*SM O C V D iS^ffl t,>-C8B§ 3 tiT t, > ^. . 
•3-J5t*>%sr. *l6iKi4©-9-7T-fT»E©±«:. Al 
n'^vVrmifi^itxi, Ol^t?. GajSiLTh'J 
NjSiiL/-CT>*-7^ffit,^rKrieA 
lNA2,7TM©±{ciSGaNli3&SfiSMSn, JSK: h 
•J > g^;l'T^l' 5 --t? A?:A 1 iSi bTifl3 i MG a N® 
©±«:nMA 1 GaNJa*SfiS®§n-S. -^-L/T^ C©n 
§IA 1 G aNUKSt UTmffi©!i^ h U 7^7 7 ^ -ii 
i'9='>i'«:tT-3fc©^, 3f5t©fflH'ffcy-hmS. V- 

[0 0 0 7] C©GaN3^HEMT©it^. iStGaN 
BinSA I GaN)i©'S'f nS^^ffl, i 
SG a N Ji©SJJi «c 2 ;X7umT- ii:^ mtm\s. $ n. C 

C?:m-?-*«Ba^»fCHEMTttf^^||51-r C© 
i^r. mT-©ll5^l!i)g5:||^-r-5fc&K:«. C©iilG 

[0008] 

[^i§*j)»aitj:^ i-rsa®] bipbtiifih. ±SL/ 

fcGaN3f5HEMT©ii^> G a A s EMTCCit'^ 

n«igt,>^E©Entin«Dit6-c$) m^s: •sigjisif'p^J 

tlT 1^5 B^^©t^aitC>Ft L Tt3:i£<r b h%^t£'^ 
^•^»S?rlfe»-rS«>©t«t»C»*s/tl». 
©GaN3^HEMT{Cfcl-tS±fSl/fcPfllS=&)K9il/, IS 
iiHEtt4<i^rt>^>if««Jg©G a N«H E MT©Ji« 

[0 00 9] 

[ss«:»ai-r*/c&©^i3] ±ieLfcew*j^fiS-rs 

mwm, nM4^ftji^c©)i»rs)iL-c«sa« 

l«3i*5j^fi£ $ n> mrie^*^(*)i{Ji^ rti g a nmt 

mtmm^ij^hfs.^ p m.^mmm^bx¥- h« 

1t»i-rSll5^ii»Sh7>s;x5r. i<K:. BiiiapS* 
'm^mifi. pMGaN)lfcL< «pSI nGaNIB©! 
^/ciipMGaNJiCCpMI nGaNii^SIl 
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ns. • 

[0 0 10] 

CO 0 1 1 ) COHEMT«> GaN3^k-^i^*3lftCC 
>tt L -CM O C V DS-^M O M B E Sift i'^felOi f if + 
-f ;u^:gffi?:)Sffl-r S C i K J: ij . 1 <D 

B. GaN)l*sa»?5tiS. 

[0012] i S^I^SIftJi 3 ^nmi>G a N^^fc^:^ 
^iyS<*iL.-CB. mi*. iMGaN. iMInGaN 
^t-^itfSCiJJsrt-S. <!:<(C> iSGaNliJf® 

ttKJ5: i MG a N©^ tii 13 4>/h3 fcBIS^-C* 
nB. iSI n.Gai...,A 1,N (fc/i:l/> 0<x< 
1. 0<y<0.2) *iS*«ft)g3iUrfflt»SCt 

[0013] nm^mwmA^miG a N?s{t^!^ 

i|^{*tl/rB. WlitB. n^AlGaN. nSGaN 

*ti«. nMI n.Ga,..-,A l.N (/c/cL, 0<u 
<1, 0<v<0.5) =&n^^*ftaiL/rffll<»SC<!: 

[00 14] C©nS!^f*14©^K:ffll>5naK 

-/-tVhiUrB. {^tLB^S i {MBESt?fiXM-r 

S>t,ii>Ctifiva, c©na^N»<*li4®±K:BitS 

y - s £ K u- >ms D ?:SI#-r S C i & 

B, 5x 1 0"~5X 1 0"cnr'^©iSS«C-r5. 
[00 15]^XK:. pM*«ft)i5^:«fi£-riGaNIF. 
{b^^aWiiLTtt. pSGaN. pSInGaN^ 
$><,iiCtifiV^i. C©pM*3Ji^l5B. P^Ga 
N®. pSI nGaN)l©^&n-em)i*^6fi£-3ri,i-C 



I) :^ia^l 1-26 1 05 3 

4 

til.^*^. pS!GaN®©±K:MK:pMI nGaNIi?: 

mbx^i2mmmtictm^'c$>i. c©p 
ai|i3W*)g 5 5 1 1 © p M F ->'0 h i i^-r 

B, mii^MMg (MBEffiffiSSM-r^.^^) 
U^yitV>x.::.)l-7if^U't)M, (MOCVD^-CfiSKT 
itci-4*lf«.C£*it?»S. C©<!:#©pSF 
F©ifigB5 X 1 0"~5 X 1 0"cni-'gS«:-r 

[0016] FmffiG?:^fiE-f 1/ 

10 rBmtfAu/Pt. A iJ&t'^fttfSCiAS-Ct. 
Sfc^^- F^G^^fig-r^Wl^i LTBt^^ii A u . 
T i/A Uj:i'**lf-SCidl-C#2>. C©^ji©HE 
MTB, y-F®®G©T3&*pnS^«tJiK:*'of C» 
s. -e-Lz-c. y-FmSGA^eSEEPJin^tf ^i. nm 

icB. i m^mwm 3 ©suispk: 2 ;?:5cmi=-:tf 3 

a*s)^EE3n. -tC{Cna¥»»)i4*6tt*&Snfcll 

20 [0 0 1 7] -e©**^. y-F«ffiGi:T©png^© 

•rSCi3!»3oISeK:ife-S>®-C. i)S2>X7C«^**:^)i3 a 
13 a'N©mT-®HDji*5S!)^fc*< ?toTS^©Jifji 

[0 0 18] i<K:. mmm^ismuLtcprnG 

aNtpSl nGaN®2)i^SK:^):ori»S^-^«C 

B. commm^ 1 s©s^#f«s<!: L/rasfeu . 

ft O > e^- F mS6BS6n4»-r < ft S©-d(fifi-C* 

[0019] 

[*W] 0n?^L//c»)l«®©HEMT4MOMB 
EffiK:<fc»3yc©J:5K:i.-C$«jiOfc. Sf. ¥»»® 
S i miters® 1 ©±(C. GaaSiL/T^ISGa (5x 
1 O-'Torr) . NtSil/-ryj<^JWt F7i^> (5X1 
O-'Torr) JjSfiaS6 4 0-CTxtf=1ri' + ;l' 

fiSS^rtTl*. 1**5 0 A©GaNAf 7T®2€:RagO 

40 [0020] Olit?. N?S?:T>*-T (5X1 O-'To 
rr) {C^OJfe^. fi£gaa48 5 0-C{C±^0-Cxfif 
^^i/fJl/^S^rm^ il<?(-50 0 OA® iSGaNa3 
^fi£lit/c. ftte. CO£lf©=t=f y7?SSB5xi 0 

[ 0 0 2 1 ] Ol^t?, ^Al (2 X 1 O-'Torr) ?rtt 
t&L. S/cnSF-''OFiL/-r^S i (2x10"' 
Torr) EJfiSSBSO-C-Cxtf^+J^ + iKa 

S^ffiB^LT, Ji;^7555 0 OA®nSA 1 GaNli4* 
fiSRL/fc, C®i*> +f UTigSBlx 1 0"cra-*i 
50 JS:SJ;5Ks£)g^4S3ELfc. -^t^r. ^RS iO« 



(4) 



i|i&?:i^'^/paK— 'OhiUr^Mg (5x10"' 
Torr) imbX^m&ifl^mi-t. iriBnSA 1 GaN 
S4CD±{C)l;5^5 0 0 A©pSSG a NB6 iimbtc, 
C©i*, yriSewi X 1 0''aif^<!:!&:iJ;^«: 

[0 0 2 2] *3Ri7^l'=f>ij«<if>©S-&3!/ 
SGaNH^if 9^>dn*iLrnM,I nGaN®44 

SfiffSSPL/, •?-C{cafflL//cnSI nGaN14©± 

[0 02 3] g:f^. mn-r7.=^>tf^xy9ymii 

-<>S@G©®Bif?:S i 0,mr:-7:^=^>{fbtc<Dib. 
iffiraPSPK: A u 4IK3t LT pSG a NB 5 ®±{CBy 
- hS®G?:^<^LTE 1 T^SU/cHEMT^rSSitL/ 
fc. C©HEMTB. hSE*i6©EnJnmE?:3 V 
TFU-f>miJS (Ids) *l6 0m\ KU-f>®E2V^y 
±-C^«]-rSHEMT#tt*if#?>tx/c, fJibt, CO 

iSffi!|$tt«Vds* 1 0 0 V *-c$>tfr 

HEMTily-C©tS«I^S^-r-SCi«)tt*^-3/c. 51 
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: [0024] mUT-C<DC<DliEMTm^<D^mmt. 
6 0 0cm'/V-secr*»). 7 7 KfO^SbSB? 5 0 0 c 
nf /V- seci ^^cffi?r^ 0 /c. 
[002 5] 

[^?«©55!im] &±<Dm^vmbi}^tj:J:^ic. *^bj© 
GaNJKHEMTtt> y- HISiVS-rWftT*,^^ 
?:jactCi7!)5^c<. S£*©GaNSHEMT{Clt'<r 



m 1 ] *»WOHEMT©)i«jS?:^-rWfM-r* 
[??F#©SiW] 

1 *tei»tt»« 

2 (GaN)l) 

3 ( IMGaNH) 

3 a 2'^X5iS^*f:^m 

4 nS!^»{*)i (nSI nGaNIi) 

5 pS!¥«»e (pSiGaNIi) 
S 

G y-hms 

D Fu-^^m® 
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